The increase in cardiovascular disease (CVD) in patients with systemic lupus erythematosus (SLE) is not fully explained by traditional CVD risk factors. Regulatory T cells (Treg cells) are considered atheroprotective. We investigated the relationship between the absolute number of different phenotypes of Treg cells and abnormal carotid intima-media thickness (IMT) in women with SLE. Sixty-six women with SLE with no history of CV disease were included. Carotid IMT was quantified by ultrasound. Abnormal carotid IMT was defined as ≥0.8 mm and two groups were compared according to this definition. 
Introduction
In systemic lupus erythematosus (SLE) patients, cardiovascular disease (CVD) caused by atherosclerosis is more frequent than in the general population [1] [2] [3] [4] . Conventional cardiovascular (CV) risk factors cannot explain this increased risk [2] . Accelerated atherosclerosis has been related to longer disease duration, supporting the assumption that chronic SLE immune dysregulation provokes atherosclerosis. Systemic inflammation, dysregulated cytokine profile, and altered T cell subsets have been proposed as important role players in endothelial dysfunction and increased CV risk in SLE patients [5] . Therefore, identification of CV damage and repair biomarkers related to SLE may reveal insights into the disease pathogenesis and might be used to monitor the CV risk and improve CV health.
With respect to the T cell subsets, the greatest number of pathogenic cells in the atherosclerotic process belongs to the T helper (Th) 1 profile, generating proinflammatory mediators such as interferon gamma (IFN-γ). The role of Th2 cells in atherogenesis remains unclear and the role of Th17 is under investigation [6] . Recently, a subset of specialized T cells with anti-inflammatory attributes, the regulatory T cells (Treg cells), which play a crucial role in the control of inflammation and autoimmunity, including chronic vascular inflammation causing atherosclerosis, has been studied. An increase in Treg cells was shown to correlate with a reduction in atherosclerosis in animal models [7] , and Treg depletion promoted atherosclerosis in mouse models [8] . Treg cells might therefore be candidates for therapeutic interventions [9] .
Defects in Treg cells might be an important issue in SLE pathogenesis. Nevertheless, reports on the number and function of Treg cells in SLE are contradictory [10] , which may be due to the use of different markers to characterize Treg cells. An impaired number of CD4+CD25+FoxP3+ Treg cells have been found in SLE patients [11] . Moreover, CD4+ CD25+FoxP3+ T cells positively correlated with disease activity [12] . It has been reported that some FoxP3+ cells are phenotypically naive (CD45RA+) in peripheral blood and have a suppressive function [13] . Miyara et al. found that CD45RA+FoxP3 low Treg cells which are suppressive in vitro [14] are increased active SLE and Pan et al. found that CD45RA+FoxP3 low T cells contribute to SLE progression with aberrant inflammatory status [15] . Studies have also analyzed new markers for Treg cells with regard to SLE, for example, Helios, which is a member of the Ikaros gene family of transcription factors. Helios is preferentially expressed in mRNA and proteins in Treg compared with naive T cells [16] . High percentages of FoxP3+Helios+ cells have been found within the circulating CD4+ population in active SLE, and the numbers of FoxP3+Helios+ cells have been shown to correlate with disease activity [17, 18] . However, few studies have focused on the role of Treg cells in atherosclerosis in SLE patients [19, 20] . Moreover, given the role of T cells in atherosclerosis, they might be an important target to consider when developing therapies to treat SLE and CVD. The aim of this study was to compare the number of Treg cells in SLE patients with and without subclinical atherosclerosis.
Materials and Methods

Study Population.
From August 2015 to February 2017, 66 consecutive mixed-race SLE patients were recruited at the Systemic Autoimmune Diseases Research Unit outpatient clinic (Hospital General Regional 36, IMSS). All fulfilled ≥4 American College of Rheumatology criteria for SLE [21] . Inclusion criteria were age ≥ 18 and <65 years and no history of overt CV events. Exclusion criteria were previous cardiovascular events (myocardial infarction, angina, arrhythmia, congestive heart failure, stroke, or peripheral arterial disease), smoking (current or within the previous 6 months), overweight (body mass index ≥ 30 kg/m 2 ), current pregnancy, and current infection. The study was approved by the local ethics committee. Study participants gave written informed consent.
Clinical Assessments.
Traditional CV risk factors age, sex, family history of CVD, body mass index, waist circumference, hypertension, and dyslipidemia were assessed. Because the traditional Framingham risk factor score underestimates the risk for coronary artery disease (CAD) in patients with SLE, we calculated a modified Framingham risk score by multiplying the items by two [22] . High waist circumference (≥102 cm for men and ≥88 cm for women), hypertriglyceridemia (≥150 mg/dl or 1·7 mmol/l or specific treatment for this lipid abnormality), elevated blood pressure (systolic ≥ 130 mmHg or diastolic ≥ 85 mmHg or taking medication for hypertension), and elevated fasting plasma glucose (≥110 mg/dl or 6.1 mmol/l) or a diagnosis of type 2 diabetes were recorded.
SLE-specific measures: SLE activity was measured using the SLE Activity Disease Activity Index (SLEDAI-2K) [23] and accumulated damage by the Systemic Lupus International Collaborating Clinics/ACR (SLICC/ACR) Damage Index [24] . Medication, including statins, antiplatelet, antimalarials, prednisone daily dose, cumulative glucocorticoid dose, and immunosuppressive treatments, was recorded. The diagnosis of antiphospholipid syndrome (APS) was based on a history of venous and/or arterial thrombosis or recurrent miscarriages with positive antiphospholipid antibodies according to published criteria [25] . Blood tests included complete blood cell count, creatinine, total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides, anti-DNA antibodies, and complement.
2.3. Enumeration of Treg Cells. Treg lymphocytes were detected in peripheral blood samples obtained in EDTA K3 -containing tubes. Briefly, 50 microliters of blood was stained for 15 minutes with CD4-Alexa Fluor 700, CD25-APC, and CD45RA-PE (Beckman Coulter) fluorescent monoclonal antibodies and incubated for 10 minutes at room temperature. After the addition of 50 μl of a fixative formaldehyde solution (IntraPrep® Reagent 1), stained cells were incubated for 15 minutes and washed with isotonic buffered saline solution by centrifugation. Cells were then exposed simultaneously to a permeability agent consisting of saponine (IntraPrep® Reagent 2) and monoclonal antibodies to FoxP3 and Helios A488 (FITC) and incubated for 15 more minutes. Finally, cells were washed and resuspended in isotonic buffered saline for analysis (monoclonal antibodies to Helios, FoxP3, and CD45RA were purchased from Becton Dickinson, whilst CD45, CD25, CD4, and the IntraPrep Kit were obtained from Beckman Coulter).
Stained cells were analyzed by flow cytometry (Galios, B5 R1 V2 configuration, Beckman Coulter Inc., Fullerton, CA, USA). Lymphocytes were gated with CD45 and side scatter criteria, and CD4-positive cells were further gated from lymphocytes. CD4+/FoxP3+, CD4+/Helios+, and CD4+/CD45RA subpopulations were enumerated by Boolean gating in CD4+.
A minimum of 20,000 lymphocytes was collected to enumerate the absolute number [26] of cell subpopulations. Absolute number of T cells was calculated using a double platform method, i.e., the relative values obtained from the flow cytometry analysis were converted to the total number of cells/ml of blood using the following calculation: Absolute (Abs) CD4 cells = %CD4 cells × total WBC count divided by 1000 (expressed as a decimal): this enables the absolute count per mcl of each cell type to be determined. The absolute WBC count was derived using a Coulter DxH 600 automated hematology analyzer.
Specifically, four phenotypically different subsets were evaluated on the basis of the expression of CD45RA, FoxP3, CD217, and Helios, which have been found in SLE patients: (1) CD4+CD25+FoxP3 high [11, 12] , (2) CD4+CD45RA+ FoxP3 low [15] , and (3) CD4+FoxP3+Helios+ [17, 18] .
Carotid Ultrasound.
Carotid intima-media thickness (IMT) was assessed by B-mode ultrasonography. One centimeter segments of bilateral common carotid arteries, carotid bulbs, and distal internal carotid arteries were scanned. Images were obtained of the near or far wall of each arterial segment per standardized procedures [27] . The standard ultrasound machine used was the Philips iU22 (C5-2 Probe, iU22 Intelligent Ultrasound System; Philips, Bothell, WA, USA). Abnormal carotid IMT was defined as IMT ≥ 0.8 mm which is beyond the 75th percentile as per the American Society of Echography Task Force recommendations [28] . Plaque was defined as a protrusion into the vessel lumen of ≥1.5 mm, as measured from the border between the adventitial and medial layer. The percentage of vessel obstruction was measured along the longitudinal axis and classified as stenosis < 20%, from 20 to 49%, from 50 to 69%, and from 70 to 99% [18] . Table 2 . Only APS was slightly but significantly more frequent in SLE patients without abnormal carotid IMT. There were no significant differences in age, menopause status, smoking history, and HDL-C or LDL-C values between groups. The positive rate of anti-ds-DNA did not differ significantly between groups. Although patients with abnormal carotid IMT had higher triglyceride levels, the difference was not significant.
Correlation between Circulating Regulatory T Cells, Cardiovascular Risk Factors, and Pharmacological
Treatment. The absolute number of CD4+ T cells was significantly higher in the group of SLE patients with abnormal carotid IMT than SLE patients with normal carotid IMT ( Table 1 ). The absolute number of CD4+CD25+FoxP3 
Between-Group Differences in Regulatory T Cells in
Patients with and without Abnormal Carotid IMT. Table 3 compares Treg cell phenotypes between patients with and without abnormal carotid IMT. Although the absolute number of CD4+CD25+FoxP3 high T cells was significantly higher in patients with abnormal carotid IMT compared with those without abnormal carotid IMT (Figure 1 ), no correlations were found between any Treg cell phenotype and carotid IMT. Other Treg cell phenotypes (CD4+ CD45RA+FoxP3 low and CD4+FoxP3+Helios+) were not correlated with carotid IMT. 
Discussion
Studies have suggested an important role of Treg cells in CV disease. Animal models consistently show that an increase in Treg cell levels and function is associated with a decreased risk of atherosclerosis [7, 8] . However, results from human studies are unclear. We investigated Treg cell levels based on flow cytometry analysis and studied their relationship to subclinical atherosclerosis in SLE patients. We found that levels of circulating CD4+CD25+FoxP3 high cells tended to be higher in patients with an increased carotid IMT. However, all phenotypes evaluated in our study (CD4+CD25+FoxP3 high , CD4+CD45RA+FoxP3 low , and CD4+FoxP3+Helios+ cells) were not significantly correlated with abnormal carotid IMT in SLE women with low disease activity and a low risk of CV. These findings support and extend the observations from other studies [29] evaluating circulating CD4+CD25 high CD127 low regulatory T cell levels. A possible explanation could be that in humans circulating Treg-cell levels are not directly related to the extent of atherosclerosis. Our observations do not exclude the possibility that local variations in Treg-cell levels/function affect vascular lesion progression to atherosclerosis and do not rule out the possibility that circulating Treg cell levels are altered and play a role in clinical atherosclerosis.
Treg cells have been associated with certain CV risk factors, such as hypertension, increased serum cholesterol, and obesity [30, 31] . In our study, the Framingham risk score did not correlate with any of the Treg cell phenotypes investigated; however, some Treg cell phenotypes differed significantly between patients with and without hypertriglyceridemia, low HDL, elevated blood pressure, and high waist circumference. This suggests that some subjects with increased inflammatory status may also have increased circulating Treg cell levels. In contrast, a significant inverse correlation between levels of HDL cholesterol and circulating CD4+CD25 high CD127
low has been observed [29] . Recently, it was shown that the frequency of CD4+ FOXP3+ T cells correlated positively with HDL cholesterol levels in healthy adults treated with statins [32] . However, we found no differences in Treg cells in patients with and without statin therapy, in contrast to other studies. This may be because our study was not powered to find differences between patients using statins [33] .
The role of the adaptive immune response in atherosclerosis is increasingly recognized. It is accepted that atherosclerosis is caused by an imbalance between pathogenic T cells and Treg cells. In the atherosclerotic inflammatory process, the role of Treg cells could have a suppressive function, preventing the accumulation of proinflammatory cells and the secretion of proinflammatory cytokines [34] . The direct role of Treg cells in experimental atherosclerosis models initially described depletion of peripheral Treg cells and increased atherosclerotic lesion size and its vulnerability in animal models [35] . In addition, some studies have found fewer naturally occurring Treg cells with impaired suppressive properties in patients with acute coronary syndrome who have coronary atherosclerosis [36] . In SLE patients, one study found an imbalance, with a dominance of Th17 over Treg cells, a finding also implicated in SLE-related atherosclerosis [37] . Moreover, a recent study found that IgM antibodies against phosphorylcholine promote polarization of Treg cells in SLE patients with atherosclerotic plaques, which could represent a novel protective mechanism in atherosclerosis and autoimmune conditions, such as SLE [38] .
We found that circulating Treg cell levels were not associated with carotid IMT in SLE women at low risk for CV events. These findings are consonant with the observations from two small studies [39, 40] . Recently, a study of the value of carotid IMT in predicting CV risk reported that although IMT is associated with myocardial infarction and stroke [41] , plaque area seems to be more representative of the atherosclerotic process [42] . However, among our patients included in the carotid study, only one patient had carotid [17, 18] . Our study found no correlation between this Treg cell phenotype and carotid IMT or any cardiovascular risk factor evaluated. This may be explained, in part, by the fact that our patients had low disease activity, since this phenotype has been shown to be present in high percentages in active SLE patients [17, 18] . Moreover, the role of Helios expression in Treg cells in atherosclerosis is little studied. Recently, a Chinese study demonstrated that circulating Helios+Tregs are significantly decreased in acute coronary syndrome and the estimated absolute numbers of CD4+Foxp3+Helios+ Tregs were negatively correlated with IL-6 and positively correlated with circulating levels of the transforming growth factor beta1 (TGF-beta1) and HDL-C in these patients [43] .
The study had some limitations. Firstly, the crosssectional design and small sample size may limit the ability to infer a causal relationship between Treg cells and subclinical atherosclerosis. Secondly, although we evaluated several Treg cell phenotypes shown to be present in SLE patients, other phenotypes, such as CD4+CXCR5+FoxP3+ [44] and CD4+CD25 low/-GITR+ cells [45] , were not evaluated. Thirdly, functional profiles to determine the regulatory activity of the Treg cell phenotypes included were not made. Fourthly, new atherosclerosis imaging markers explored in SLE, including computerized tomography angiography [46] and flow-mediated dilation [47] , were not used. Finally, carotid plaque was present in only one patient, and therefore, we could not compare levels of Treg cell phenotypes between patients with and without carotid plaques. Studies have shown that subjects with stable plaque evaluated by coronary angiography had significantly higher levels of CD4+CD25+Foxp3+ cells compared with patients with vulnerable plaque.
In conclusion, studies that reproducibly evaluate circulating Treg cells in SLE patients are fundamental to define Treg cell reference ranges and the importance of their variability in patients with subclinical manifestations of atherosclerosis. We found no significant correlations between circulating Treg cell numbers, identified by CD4+CD25+FoxP3 high , CD4+CD45RA+FoxP3 low , and CD4+FoxP3+Helios+ assessments and carotid IMT in SLE women with low disease activity and at low risk of CV events. The reason may lie in the complexity of defining Treg cells in SLE patients, in whom the analysis of activated T cells is challenging.
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